-We examined whether the sustained activation of metaboreceptor in forearm during cycling exercise can modulate sweating and cutaneous vasodilation. On separate days, 12 young participants performed a 1.5-min isometric handgrip exercise at 40% maximal voluntary contraction followed by 1) 9-min forearm ischemia (Occlusion, to activate metaboreceptor) or 2) no ischemia (Control) in thermoneutral conditions (27°C, 50%) with mean skin temperature clamped at 34°C. Thirty seconds after the handgrip exercise, participants cycled for 13.5 min at 40% V O2 max. For Occlusion, forearm ischemia was maintained for 9 min followed by no ischemia thereafter. Local sweat rate (SR, ventilated capsule) and cutaneous vascular conductance (CVC, laser-Doppler perfusion units/ mean arterial pressure) on the contralateral nonischemic arm as well as esophageal and skin temperatures were measured continuously. The period of ischemia in the early stages of exercise increased SR (ϩ0.03 mg·cm , respectively, P Ͻ 0.05) despite no differences in esophageal temperature. We conclude that the activation of forearm muscle metaboreceptor can modulate sweating, but not CVC, during cycling exercise without affecting the core temperature-SR relationship.
-We examined whether the sustained activation of metaboreceptor in forearm during cycling exercise can modulate sweating and cutaneous vasodilation. On separate days, 12 young participants performed a 1.5-min isometric handgrip exercise at 40% maximal voluntary contraction followed by 1) 9-min forearm ischemia (Occlusion, to activate metaboreceptor) or 2) no ischemia (Control) in thermoneutral conditions (27°C, 50%) with mean skin temperature clamped at 34°C. Thirty seconds after the handgrip exercise, participants cycled for 13.5 min at 40% V O2 max. For Occlusion, forearm ischemia was maintained for 9 min followed by no ischemia thereafter. Local sweat rate (SR, ventilated capsule) and cutaneous vascular conductance (CVC, laser-Doppler perfusion units/ mean arterial pressure) on the contralateral nonischemic arm as well as esophageal and skin temperatures were measured continuously. The period of ischemia in the early stages of exercise increased SR (ϩ0.03 mg·cm Ϫ2 ·min
Ϫ1
, P Ͻ 0.05) but not CVC (P Ͼ 0.05) above Control levels. No differences were measured in the esophageal temperature at which onset of sweating (Control 37.19 Ϯ 0.09 vs. Occlusion 37.07 Ϯ 0.09°C) or CVC (Control 37.21 Ϯ 0.08 vs. Occlusion 37.08 Ϯ 0.10°C) as well as slopes for these responses (all P Ͼ 0.05). However, a greater elevation in SR occurred thereafter such that SR was significantly elevated at the end of the ischemic period relative to Control (0.37 Ϯ 0.05 vs. 0.23 Ϯ 0.05 mg·cm Ϫ2 ·min Ϫ1 , respectively, P Ͻ 0.05) despite no differences in esophageal temperature. We conclude that the activation of forearm muscle metaboreceptor can modulate sweating, but not CVC, during cycling exercise without affecting the core temperature-SR relationship.
group III and IV muscle afferents; eccrine sweat gland; cutaneous active vasodilation INCREASES in sweating and cutaneous blood flow are crucial for temperature regulation during exercise-induced heat stress. It is well established that sweating and cutaneous vascular responses during exercise are influenced by thermal factors (core and skin temperatures). However, an increasing number of studies show that nonthermal factors (e.g., central command as well as those associated with the activation of sensory end organs associated with baroreceptors, metaboreceptor, osmoreceptors, etc.) (23, 24, 43) can play an important role in the regulation of body core temperature. Specifically, these factors have been shown to modify the body's physiological capacity to dissipate heat via modulations of heat loss responses of sweating and cutaneous vasodilation which can occur independent of changes in the thermal state of the individual.
An increasing number of studies have identified an important role of muscle metaboreceptor in the regulation of heat loss responses of sweating and cutaneous blood flow during a passive heat stress (4, 5, 10, 12, 25, 42) . For example, the activation of muscle metaboreflex during post isometric handgrip exercise ischemia (as induced by the occlusion of blood flow to the forearm) has been shown to enhance sweating and this pattern of response was shown to remain intact irrespective of the level of hyperthermia (10, 12) . In contrast, no effect of muscle metaboreflex on cutaneous blood flow was observed under mild hyperthermia (ϳ0.3°C elevation of core temperature) (5, 10, 25, 38) albeit a suppression of cutaneous vasodilation was reported under a more pronounced state of hyperthermia (i.e., core temperature increase of ϳ1.4°C) (10, 12) . More recently, it was shown that metaboreceptor influence on sweating remained intact during postexercise resting with the influence reestablished to similar levels as measured to baseline resting by 30 min postexercise (38) . Furthermore, the activation of forearm muscle metaboreceptor has been observed to lower the core temperature threshold at which the onset of sweating and cutaneous vasodilation occurs during passive heating, an indication that the response is centrally mediated (e.g., activation of the thermoregulatory center in hypothalamus) (4) .
Despite our growing knowledge of the influence of nonthermal muscle metaboreceptor in the regulation of heat loss responses, to our knowledge, it remains to be determined if muscle metaboreceptor can modulate heat loss responses during dynamic exercise. Previous studies have demonstrated that nonthermal factors can modulate heat loss responses during dynamic exercise. For example, Eiken and Mekjavic (13) reported an increase of sweat rate during cycling exercise with leg ischemia induced by lower body positive pressure which they suggested may be related to the activation of central command, muscle metabo-and mechano-receptors, and or baroreceptors. Other studies showed that increases in sweat rate occur at the onset of dynamic exercise in hot conditions in the absence of an increase in core temperature (48, 50) . While this response has been ascribed to the influence of several nonthermal factors during dynamic exercise, the specific non-thermal factor involved remains unclear. Thus, in extending our work aimed at understanding the role of muscle metaboreceptor, it is important to employ an experimental paradigm which would permit the isolation of the metaboreceptor stimuli during the assessment of heat loss responses during dynamic exercise. To achieve this objective, the muscle metaboreceptor should be activated in nonexercising muscles during leg cycling.
The purpose of the present study was to investigate the influence of muscle metaboreceptor activation in forearm on local sweating and cutaneous vascular responses during dynamic cycling exercise. We hypothesized that the stimulation of forearm muscle metaboreceptor during cycling exercise would increase sweating and cutaneous blood flow and this would be associated with a lowering of the core temperature at which the onset of these heat loss responses occurred.
MATERIALS AND METHODS
Ethical approval. This study was approved by the Human Subjects Committee of the Graduate School of Human Development and Environment, Kobe University (Kobe, Japan) in compliance with the Declaration of Helsinki. Verbal and written informed consent was obtained from all volunteers before their participation in this study.
Participants. Twelve young adult participants, consisting of six males and six females (age 22.6 Ϯ 0.9 yr, height 164.8 Ϯ 2.9 cm, and weight 56.5 Ϯ 2.5 kg), volunteered for the study. Participants were healthy nonsmokers engaged in regular physical activity. None of the participants reported taking prescription medications. A power analysis was performed based on an effect size of 1.2 for the estimated reduction of core temperature threshold for sweating by muscle metaboreflex as reported in our previous study (4) . It was determined that a minimum of 8 participants would be required to express our results at a 95% level of confidence (i.e., ␤ ϭ 0.80, ␣ ϭ 0.05).
All female subjects participated in the experimental session during the early follicular phase (within 6 days of starting menstruation) to minimize the reported effects of female sex hormones on cutaneous vasodilation and sweating. None of the female subjects reported using contraceptives prior to their participation in the study.
Experimental protocol. Shortly after arriving to the laboratory on the day of the experimental session, subjects changed into shorts and undershirt (and sports bra for females). All experimental trials were performed in an environmental chamber (SR-3000; Nagano Science, Osaka, Japan) maintained at an ambient temperature of 27°C and relative humidity of 50% with minimal air movement. Upon entering the chamber, participants wore a water perfusion suit (Allen-Vanguard, Ottawa, Canada) to maintain a constant skin temperature of 34°C which was achieved by circulating water maintained at 34°C. Subjects subsequently performed two brief (Ͻ3 s) maximal voluntary contractions with the dominant hand (contraction of forearm flexors) using a handgrip dynamometer (TKK5710b; Takei Kiki Kogyo, Niigata, Japan). The higher of the two maximal voluntary contractions was used to determine the relative workload for isometric hand-grip (IHG) exercise (40% maximal voluntary contraction, average workload 26.6 Ϯ 2.6 kg) to be performed during the course of the experimental session (see below). Subjects were then instrumented and subsequently rested for a minimum of 40 min (Baseline resting). In the final 5 min of this resting period, Baseline data were recorded. Thereafter, participants performed the metaboreceptor activation protocol which consisted of 1.5 min of IHG exercise at 40% maximal voluntary contraction (as verified by visual feedback) immediately followed by 9 min period with (Occlusion) or without (Control) the occlusion of blood flow to the arm (forearm ischemia) to activate muscle metaboreceptor (see protocol timeline presented in Fig. 1 ). For the occlusion, a pressure cuff was inflated to suprasystolic levels (Ͼ220 mmHg) 10 s before the end of the handgrip exercise and subsequently rapidly deflated at the end of the occlusion period.
We previously reported that a sustained occlusion of the forearm of ϳ9 min maintains a constant activation of forearm muscle metaboreceptor as evidenced by the sustained elevation of blood pressure during the ischemic period (4). This prolonged period of metaboreceptor activation allowed us to evaluate core temperature onset threshold and slope of the heat loss responses of sweating and cutaneous vasodilation during the dynamic cycling exercise bout (4) . Thirty seconds after the cessation of isometric handgrip exercise, participants performed moderate intensity cycling (40% maximum oxygen uptake) for 13.5 min. During the cycling exercise bout, for the Occlusion condition only, forearm ischemia was maintained for the first 8.5 min of the cycling exercise followed by no ischemia thereafter for the final 5 min (Fig. 1) .
Measurements. Esophageal temperature (Tes) was measured continuously using a general purpose thermocouple temperature probe (Inui Engineering, Higashi Oosaka, Japan), with the tip of the probe covered by silicon that was inserted at a distance of one-fourth of the participant's standing height from the external nares past the nostril and into the esophagus. Skin temperatures were measured at six skin sites using the same thermocouples attached with surgical tape. Mean skin temperature (T sk) was calculated using 6 skin temperatures weighted to the regional proportions determined as follows (34) : forehead 7%, abdomen 35%, forearm 14%, hand 5%, lower leg 13%, and foot 7%.
Local sweat rate (SR) was measured continuously on the ventral forearm and palm (between thumb and wrist), contralateral to the arm used for the IHG exercise, using a ventilated plastic capsule (1.54 cm 2 ) that was affixed at each site using adhesive rings. Both forearms were rested on tables which locate 10 -15 cm below the level of the heart throughout the experiment. The ventral forearm was selected to measure local sweat rate since this site is representative of nonglabrous skin and one which we employed in our recent study examining muscle metaboreceptor stimulation during passive heating (4). Anhydrous nitrogen gas was passed through each capsule over the skin surface at a rate of 0.5 l/min. Water content from the effluent air was measured using a capacitance hygrometer (HMP50; Vaisala, Helsinki, Finland). Local cutaneous blood flow on the forearm and palm was measured continuously using laser-Doppler velocimetry (ALF21; Advance, Tokyo, Japan) located adjacent to the ventilated capsule. Cutaneous vascular conductance (CVC) was calculated from the ratio of skin blood flow (SkBF) to mean arterial blood pressure (MAP) and expressed as a percentage of the baseline (100%). All temperature, SR and SkBF data were recorded at 1-s intervals using a data logger (MX100; Yokogawa, Tokyo, Japan) and simultaneously displayed with a software (MX100 standard software; Yokogawa, Tokyo, Japan) on a desktop computer. Heart rate and mean arterial blood pressure (MAP) were continuously measured from the nondominant middle finger using the Finometer system (Finometer; Finapres Medical Systems, Amsterdam, The Netherlands); MAP was subsequently derived.
Data and statistical analyses. All variables were averaged every 30 s during passive heating. SR was expressed by changes from the baseline (⌬SR). The mean body temperature (Tb) was calculated as 0.8 ϫ Tes ϩ 0.2 ϫ T sk (46) . The change (⌬) in SR and CVC were plotted against the changes in Tes (⌬Tes) and Tb (⌬Tb) during cycling exercise bout. Segmented regression analysis was used to determine the esophageal and mean body temperature equivalents for the onset threshold and slope of the sweating and cutaneous vascular responses at each skin site (11) . Because of a technical problem with the measurement of esophageal temperature, one male subject was excluded in the analysis of the onset threshold and slope. Physiological data (Heart rate, MAP, T es, T sk, Tb, SR, and CVC) during cycling exercise were compared using two-way repeatedmeasures ANOVA (condition ϫ time) as assessed at the end of IHG, during the early (4.5 min), mid (7.5 min), and late (end of occlusion period occurring at 10.5 min of the cycling exercise bout) stages of the cycling exercise bout as well as at the end of the cycling exercise bout (i.e., at 15.5 min). Post hoc analysis was conducted using Bonferroni's test. A paired Student's t-test was performed to compare the differences of T es and Tb thresholds and slopes for SR and CVC between conditions. When the normality test (Shapiro-Wilk test) or equal variance test failed, data were natural logarithm transformed for ANOVA, or Wilcoxon signedrank test was used (between conditions). A two-way repeated measured ANOVA was employed to evaluate response for the following variables: heart rate, esophageal temperature, palm sweat rate, and cutaneous vascular conductance on the forearm and palm. The remaining variables (mean skin temperature, mean body temperature, mean arterial blood pressure, and forearm sweat rate) were analyzed using nonparametric analysis. Statistical significance was set at P Ͻ0.05. All statistical analyses were performed using SigmaPlot (version 12.5, Systat Software).
RESULTS

Cardiovascular and body temperatures responses.
Heart rate during handgrip exercise, occlusion, and postocclusion were not significantly different between conditions (Fig. 2) . . No significant differences in T es , T sk , and T b were observed between conditions throughout the protocol (Fig. 2) . Heat loss responses. Forearm SR was significantly higher in Occlusion compared with that of Control throughout the early (0.00 Ϯ 0.00 and 0.03 Ϯ 0.02), mid (0.03 Ϯ 0.02 and 0.12 Ϯ 0.02), and late (0.23 Ϯ 0.05 and 0.37 Ϯ 0.05 mg·cm Ϫ2 ·min
Ϫ1
for Control and Occlusion, respectively) stages of the ischemia (P Ͻ 0.05, Fig. 3 ). This was not paralleled by differences in the T es /T b onset thresholds and slopes for the sweating response (P Ͼ 0.05, Table 1 , Fig. 4 ). Sweat rate was quickly reduced following the occlusion period such that no differences were observed between the conditions at the end of cycling exercise (0.52 Ϯ 0.06 and 0.40 Ϯ 0.07 mg·cm Ϫ2 ·min Ϫ1 for Control and Occlusion, respectively, P Ͼ 0.05, Fig. 3 ). The SR on the palm remained significantly elevated in Occlusion compared with Control during the cycling exercise bout (early 0.13 Ϯ 0.04 and 0.34 Ϯ 0.09, mid 0.14 Ϯ 0.06 and 0.34 Ϯ 0.09, and late phases 0.18 Ϯ 0.07 and 0.35 Ϯ 0.11 mg·cm Ϫ2 ·min Ϫ1 , for Control and Occlusion, respectively, P Ͻ 0.05). However, no differences were observed at the end of exercise (0. Values given are means (SE). Tes, esophageal temperature; Tb, mean body temperature; SR, sweat rate on the forearm; CVC, cutaneous vascular conductance on the forearm. There was no significant differences between conditions in each parameter.
mg·cm
Ϫ2
·min
Ϫ1 for Control and Occlusion, respectively, P Ͼ 0.05, Fig. 3) . No significant differences in forearm CVC were measured between conditions during the forearm ischemic period of cycling exercise (early 124 Ϯ 8 and 100 Ϯ 8, mid 166 Ϯ 14 and 139 Ϯ 14, and late phases 267 Ϯ 35 and 271 Ϯ 33%, for Control and Occlusion, respectively, P Ͼ 0.05, Fig. 3) . Further, no differences in the T es /T b thresholds and slopes for cutaneous vasodilation were observed (Table 1, Fig. 4) . A reduction in forearm CVC was observed following the cessation of the occlusion such that significantly lower values were measured in Occlusion relative to Control at the end of the cycling exercise bout (408 Ϯ 43 and 276 Ϯ 41%, for Control and Occlusion, respectively, P Ͻ 0.05, Fig. 3 ). Cutaneous vascular conductance on the palm was reduced throughout the cycling exercise bout in both the Occlusion and Control conditions; however, the magnitude of reduction was significantly greater in Occlusion compared with Control during the mid and late stages of the forearm ischemia (mid 64 Ϯ 4 and 41 Ϯ 5 and late phases 76 Ϯ 9 and 57 Ϯ 5%, for Control and Occlusion, respectively, P Ͻ 0.05). No differences were measured at the end of cycling exercise bout (90 Ϯ 13 and 89 Ϯ 8%, for Control and Occlusion, respectively, P Ͼ 0.05, Fig. 3 ).
DISCUSSION
We show for the first time that the activation of forearm muscle metaboreceptor during dynamic cycling exercise induces an increase in sweat rate on the contralateral forearm. However, contrary to our hypothesis, this elevated sweating response was not associated with a reduction in the core temperature at which the onset of sweating occurred or an increase in slope of the sweating response thereafter. In contrast, no influence of muscle metaboreceptor activation was observed for CVC. These results suggest that the forearm muscle metaboreceptor stimulation during dynamic cycling exercise modulates sweating without affecting the core temperature-sweat rate relationship.
In the present study, to investigate the isolated influence of muscle metaboreceptor activation on heat loss responses during dynamic exercise, we stimulated the muscle metaboreceptor in the resting upper limb (forearm) during dynamic cycling exercise. During the period of ischemia, we measured a sustained elevation in mean arterial blood pressure following the IHG exercise demonstrating that we were successful in activating muscle metaboreceptor in the resting forearm as previously observed (Fig. 2) (2, 33) . The activation of muscle metaboreceptor occurred in the absence of any changes in core and skin temperature (Fig. 2 ). As such, we can discount any confounding thermal influences in the present study. Sweating response. We recently reported that the muscle metaboreceptor activation in forearm by postisometric handgrip exercise occlusion lowers esophageal temperature threshold for sweating and cutaneous vasodilation during passive heating (4). The mechanism(s) underpinning the change in the core temperature threshold for heat loss responses is thought to be mediated by central mechanisms (e.g., thermoregulatory center of the hypothalamus) (35, 36) . In addition, studies show that the regional modulation of sweating and cutaneous vasodilation during the activation of muscle metaboreceptor under resting conditions occurs without alternations of core and skin temperatures that would modify the stimulation of hypothalamic thermal neurons, and therefore the level of thermal drive (6, 7, 10, 12, 25) . These observations support the hypothesis that afferent signals from muscle metaboreceptor modulate heat loss responses via centrally mediated influence. Although we did not find significant differences in the core temperature thresholds for sweating by the activation of muscle metaboreflex under an exercise-induced heat stress (associated with the dynamic cycling exercise bout) in the present study, we show that the stimulation of forearm metaboreceptor significantly increased the level of sweating during exercise without affecting esophageal and skin temperatures, and therefore thermal drive. Furthermore, consistent with previous observations (5, 10, 25), we show that the withdrawal of muscle metaboreflex by the release of the forearm occlusion resulted in an immediate attenuation of sweat rate to levels comparable to Control. This further emphasizes the fact that the prior elevation in sweating was likely mediated by the activation of muscle metaboreceptor. However, we showed no effect of the activation of muscle metaboreceptor on the core temperature threshold at which onset of sweating occurred during the dynamic cycling bout (Fig. 4) which is in contrast to our recent findings of a reduction in the onset threshold during passive heating (4). This suggests that the mechanisms underpinning the muscle metaboreceptor mediated heat loss responses likely differ between these heat stress conditions. The disparity may in part be explained by differences in the relative contribution of other nonthermal influences that exists during dynamic exercise such as that associated with activation of cortical brain area, muscle mechanoreceptors, baroreceptors, osmoreceptors, etc. For example, some studies show that central command can enhance sweating (45) while other studies demonstrate an inhibitory effect of cortical brain activation on sweating (14, 27, 29, 39, 40) . In addition, both muscle mechanoreceptors (6, 26, 44) and baroreceptors (42, 49) can increase sweat rate whereas osmoreceptors can delay the onset of sweating (9, 31) . To better understand the role of muscle metaboreceptor activation on heat loss responses during dynamic exercise, it will be important to conduct further studies to delineate the separate and combined influences of the different nonthermal stimuli on heat loss responses.
While we employed a short 13.5-min bout of dynamic cycling exercise, this duration of exercise was sufficient to ensure the activation and subsequence increase in heat loss responses. It is possible however the period of muscle metaboreceptor stimulation may have been too short to permit a clear delineation of differences in slopes between conditions. Indeed, as shown in Fig. 2 , a trend for a separation in esophageal temperature over the course of the exercise was observed. Further, the activation of muscle metaboreceptor was limited to the forearm only. Thus, while we observed a muscle metaboreflex mediated increase in forearm sweating, it is unclear if this was a localized response only. If in fact the activation of forearm muscle metaboreceptor had induced an increase in whole body sweating, a greater attenuation in the rate of increase in core temperature during the cycling exercise bout might have been expected. Further studies are required to examine the extent to which the regional activation of muscle metaboreceptor may affect sweating in other body regions.
Of note, we observed that the muscle metaboreflex activation at the start of the cycling exercise bout caused a slight, albeit significant upward shift in sweating (i.e., early phase of occlusion). Thereafter, the magnitude of separation between conditions was more pronounced following the exercise-induced onset of thermal sweating that occurred in the mid stages of the occlusion period (Fig. 3 ). These observations suggest that the influence of muscle metaboreceptor on sweating become more pronounced when thermal sweating is initiated. Previous studies suggested that the applications of nonthermal stimulus (e.g., handgrip exercise, post-handgrip occlusion, and mental stresses) are associated with an increase in sweating in moderate to severe hyperthermic conditions (8, 10, 22, 28, 32, 42) . Our findings extend upon this work by demonstrating that the response is also observed during dynamic cycling exercise.
Cutaneous blood flow response. We recently reported that the activation of muscle metaboreceptor causes a reduction in the core temperature at which the onset of cutaneous vasodilation occurs during passive heating, thereby enhancing heat dissipation at a lower level of hyperthermia (4) . This is in contrast to the lack of an effect measured during dynamic cycling exercise in the present study. Previous work has demonstrated that the core temperature threshold at which cutaneous vasodilation occurs during an exercise-induced heat stress is delayed compared with that measured during passive heating (19, 21) . Given that the delayed cutaneous vasodilation measured during dynamic exercise is the result of an osmoreceptor-mediated attenuation of cutaneous vasodilation (41, 47) , it is possible that the activation of osmoreceptors may play a role in overriding the modulating influences of muscle metaboreceptor.
Although we did not observe significant differences in cutaneous vascular responses between conditions during the occlusion period, forearm CVC was significantly reduced after the cessation of the occlusion period (Fig. 3) . At first glance this might be thought to be evidence of a metaboreceptor mediated influence in the regulation of cutaneous vascular response. It is possible that changes in arterial and cardiopulmonary baroreceptors loading status following an elevation of blood pressure during Occlusion and its acute reduction after the ischemia may play an important role in modulating CVC (20) , albeit having no effect on sweating (42, 49) . While our study did not permit the evaluation of the interplay between baroreceptors and metaboreceptor in their modulation of cutaneous vasodilation, numerous studies demonstrate an important role of baroreceptors in the modulation of cutaneous vascular responses, albeit as recently demonstrated, the relative contribution of these nonthermal factors can differ markedly (e.g., such as under resting vs. postexercise recovery conditions) (38) . Further studies are required to assess the separate and combined influences of these nonthermal factors during dynamic cycling exercise.
Sweating and skin blood flow responses on the palm. In the present study, in addition to examining the sweating and cutaneous vascular responses on forearm (nonglabrous skin), we investigated the responses in glabrous skin of the palm. Studies show that the sweating and cutaneous blood flow on the palm can also be modulated by nonthermal factors associated with mental or psychological stressors (28, 30, 37) . As such, changes in the level of activation of these responses may provide some indication of the magnitude of mental stress experienced during the occlusion period. As shown in Fig. 3 , palmar sweating during the period of Occlusion was significantly higher than Control, whereas CVC was reduced, implying that forearm ischemia during cycling exercise induced significant psychological stress (such as that associated with pain and uncomfortableness with ischemia) that was sufficient to induce sweating on this glabrous skin site (3, 22, 32) . However, it is important to note that the palmar sweat rate increased immediately after the isometric handgrip exercise for both conditions albeit increasing to a greater extent thereafter for the Occlusion condition. This is in sharp contrast to the pattern of response measured for forearm SR wherein the increase in SR was more pronounced after the onset of (thermal) sweating had occurred (Fig. 3) . This disparate response between glabrous and nonglabrous regions demonstrates that other nonthermal stressors such as mental or emotional stimuli do not modulate sweating in nonglabrous skin in the present study. While it may be argued that the prolonged application (9 min) of the cuff compression on upper arm may have itself influenced the sweating response on the nonglabrous skin, recent work by our lab and others suggests otherwise (1, 4) . Indeed, we recently reported that the prolonged forearm occlusion without handgrip exercise does not modulate sweating response on forearm during passive heating. In addition, this post-handgrip exercise occlusion in normothermia did not induce an increase in sweating on forearm skin (4) . Similarly, we show that the influence of mental stress during postexercise occlusion on heat loss responses on nonglabrous skin in the present study had a minimal influence on sweating.
Perspectives and Significance
In the present study, we studied the isolated influence of muscle metaboreceptor activation in the resting forearm during a dynamic cycling exercise bout. However, during a normal dynamic exercise bout, the muscle metaboreceptor would be activated in the exercising muscles. Therefore, the findings in the present study may not be identical to the actual influences of muscle metaboreceptor during normal cycling exercise. Although the present study does provide valuable new insights into our understanding of the nonthermal muscle metaboreceptor on heat loss responses during a dynamic exercise bouts, future studies are certainly warranted to extend upon this important work.
Sex has been shown to be key modulator of the body's physiological capacity to dissipate heat, adding thermoregulation to the list of physiological control systems affected by sex-related differences (15) (16) (17) (18) . While an equal number of males and females were examined in the present study, we did not have a sufficient number of participants in each group to compare responses between males and females.
In conclusion, we show that the activation of forearm muscle metaboreceptor augments sweating but it does not affect cutaneous vascular responses during dynamic cycling exercise. Furthermore, we show that this metaboreflex-mediated increase in sweating occurred without a change in the onset threshold or slope of the sweating to core temperature response.
